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Abstract 
A hybrid material created by mechanically combining polymers and aluminum foams is modeled and analyzed. The hybrid is 
manufactured by injection molding a polymer (polypropylene and acetal) into the open cells of Duocel® aluminum foam. Prior 
experimental work revealed that the combination of the polymer and the metal foam yields a hybrid that is stiffer than the 
polymer alone but has a reduced ultimate tensile strength. A finite element model using a tetrakaidecahedral unit cell is used to 
model the metal foam ligaments with the polymer occupying the remaining space. The resulting conclusions are that the 
aluminum ligaments oriented along the load direction cause an increase in stiffness but ligaments oriented laterally cause stress 
concentration that yield lower strength. The finite element model is used to give both qualitative and quantitative explanations of 
the physics of the interrelations between the metal foam and the polymer. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Scientific Committee of North Carolina State University.  
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1. Introduction 
Using metal foam as a preform and filling the pores with other material leads to a type of hybrid material known 
as an interpenetrating phase composite IPC (Clarke (1992)).  One type of IPC is created by filling the pores of open-
cell aluminum foams with polymers.  The choice of polymer could be a thermosetting polymer (Gong et al. (2006)), 
a thermoplastic polymer (Dukhan et al. (2010)) or an elastomeric rubber (Imam (1999)). 
Thermoplastic polymers, polypropylene and acetal, were injected into a Duocel® aluminum foam using an 
injection molding process (Hadley (2009)).  In that process, an aluminum foam core is placed in the mold prior to 
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injection molding the polymer.  Figure 1 shows a tensile specimen made by a polypropylene copolymer and 10 PPI 
Duocel® aluminum foam.   
Reference 5 details the manufacturing processes of making this IPC as well as tensile testing results.  Figure 2 
shows a sampling of stress-strain curves of polymer only as well as polymer/aluminum foam composites for an 
acetal copolymer and two types of polypropylenes.  The figure reveals that the addition of aluminum foam increased 
the stiffness while reducing the strength. 
 
 
Fig. 1. A composite of aluminum foam and polypropylene copolymer.. Fig. 2. Measured stress-strain curves for three polymers (pp 
homopolymer, pp copolymer and acetal copolymer) and their 
composites with 10 PPI aluminum foam. 
 
 
Fig. 3. Geometric model of the unit cell with the tetrakaidecahedral 
structure of the aluminum foam surrounded by the polymer. 
Fig. 4. Stiffness of the composites of various polymers with 10 PPI 
aluminum foam.  Measured and reconstructed stiffness using FEA 
model with fastened and contact connections. 
2. Finite Element Model 
The open cell aluminum foam is modeled using a tetrakaidecahedral unit cell (Li et al. (2003), Kwon et al. (2009), 
Jhaver et al. (2009), Thiyagasundaram et al. (2010)).  The aluminum foam unit cell is encased in a unit cube of the 
polymer.  The resulting model, generated and analyzed using the built-in solver in CATIA V5 R20™ from Dassault 
Systemes, is shown in Figure 3. 
The chosen aluminum foam is the Duocel® with 10 PPI having a 0.0175 inch average ligament diameter and a 
0.0825 inch average ligament length.  The assembled cube has a 0.0233 inch unit length. 
The finite element model consists of second order tetrahedral elements having a 0.01 inch characteristic size.  
The sag option of the CATIA modeler is also set at 0.01 inch, which is a measure of the allowable deviation 
between the mesh and the curved surfaces of the model. 
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The connection between the aluminum and polymer was investigated using two types of interface connections: a 
fastened connection with a full coupling between the contacting surfaces; and a contact connection which only 
prevents the two materials from penetrating each other. 
The top surface of the unit cell of Figure 3 is constrained in all six degrees of freedom.  The four surfaces on the 
sides are given symmetry constraints while the bottom surface is given an imposed uniform displacement. 
  
Fig. 5. Von Mises stress distribution corresponding to 0.003 one-
dimensional imposed strain.  Top: Contact connection model between 
aluminum and polymer.  Bottom: Fastened connection model.  Color 
map scaled to reveal stress in aluminum.. 
Fig. 6. Von Mises stress distribution corresponding to 0.003 one-
dimensional imposed strain.  Top: Contact connection model between 
aluminum and polymer.  Bottom: Fastened connection model.  Color 
map scaled to reveal stress in polymer. 
 
 
Fig. 7. Geometric model of two half-unit cells connected in the middle 
by a square cross-section. 
Fig. 8. Von Mises stress distribution corresponding to 0.003 one-
dimensional imposed strain imposed on the unit cell of Figure 7.  Top: 
Contact connection model between aluminum and polymer.  Bottom: 
Fastened connection model.  Color map scaled to reveal stress in 
polymer.. 
 

	 


218   Ziyang Yuan et al. /  Procedia Materials Science  4 ( 2014 )  215 – 219 
3. Results and Discussion 
 
Fig. 9. Stress distribution through the middle of the unit cell shown in Figure 7. Left: contact connection model.  Right: fastened connection 
model. 
The stress-strain curves obtained from the finite element model in the linear range (below a strain of 0.005) are 
given in Figure 4 and compared to the measured ones obtained from Reference 5. 
The data is presented for three types of polymers (an acetal copolymer, a polypropylene homopolymer and a 
polypropylene copolymer) and shows that the measured stress-strain curves are between the finite element 
reconstructions using the contact connection and the fastened connection. 
The results shown in Figure 4 also lead to the following basic conclusions: The tetrakaidecahedron model is 
fairly accurate at representing this material, which is also a conclusion from Reference 8; and, the interface between 
the two materials is physically in between a contact and a fastened interface.  The rationale behind such an assertion 
is the ample opportunity for mechanical coupling due to the irregular shapes of the ligaments.  This is despite the nil 
chance that a chemical bonding can exist between the oxidized aluminum surfaces of the ligaments and the 
polypropylenes and acetal. 
The Von Mises stresses throughout the unit cell are shown in Figure 5, resulting from an imposed strain in one 
direction of 0.003 and with the color map set to reveal the stresses within the aluminum.  That map reveals that the 
stresses in the aluminum are far higher than those in the polymer which is a logical observation owing to the higher 
stiffness of the aluminum.  Also of note is the fact that the ligaments that are oriented along the direction of loading 
are under higher stresses while the ones oriented laterally to the load direction are relatively unstressed.  It should be 
noted as well that there is very little difference between the contact and fastened connection.   
Figure 6 shows the same results as Figure 5 but with the color map adjusted to reveal the stress distribution 
within the polymer.  The figure reveals major differences in the stress distribution throughout the polymer between 
the contact and the fastened connection cases.  Principle among these differences is what occurs at the mid 
horizontal plane.  In the contact case, there is an increase in the stress level in the polymer while in the fastened case, 
the stress is very low.  In order to better understand this phenomenon, a new unit cell is created consisting of two 
halves of a tetrakaidecahedrons.  This new model is shown in Figure 7. 
Figure 8 shows the stresses within the polymer under the same loading conditions given above.  The contact 
connection case shows a marked increase in the stress around the locations of laterally oriented ligaments as can be 
seen from the top plane in the topmost picture.  Meanwhile, the fastened connection shows that the stress is borne 
primarily by the aluminum near these same lateral ligaments.  Figure 9 shows a cross section of the unit cell of 
Figure 7 with the cut section at the mid horizontal plane.  That figure reveals in stark details the widely varied stress 
levels between the contact and the fastened connection.  In the case of the contact connection, the lateral ligaments 
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act as stress concentration while the opposite happens in the case of the fastened connection.  This truly explains 
why the toughness of the composite is far below that of the parent polymer material as can be seen in Figure 2.  
Furthermore, this result also explains why the polymer always seem to fail inside the window of the 
Tetrakaidecahedral unit cell as can be seen in Figure 10.  That figure shows an actual broken test specimen taken 
from Reference5. 
 
Fig. 10. Broken test specimen loaded in tension. 
In light of such finding, one could foresee the need to ensure better coupling between the aluminum and the 
polymer as that not only will lead to a higher increase in stiffness but also a lesser susceptibility to brittle failure at 
lower strains, which can be seen exhibited in Figure 2. 
4. Conclusion 
A finite element model of an aluminum foam polymer composite was developed using a tetrakaidecahedral 
structure representing the aluminum foam embedded in a cubic cell of polymer. The FEA reconstruction of the 
stress-strain curves closely followed measured values. The contact-type interface connection between the aluminum 
and the polymer yielded a less stiff FEA model than a fastened-type interface connection.  Aluminum ligaments 
oriented in the loading direction seemed to contribute to increased stiffness while ligaments oriented laterally 
contribute to reduced strength.  Improved bonding between the aluminum and the polymer will help in both 
increased stiffness and strength..     
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